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(54) MULTI-CAPILLARY E LECTRQPHO RETiC APPARATUS 

(57) By using a plurality of light emitting parts, fights 
driven by different electric signal components are 
applied to the respective Hght transmitting parte of the 
plurality Of capillaries. Lights passed through the light 
transmitting parts are focused to a certain point When 
the focused light fe detected, the respective electric sig- 
nal components Included in the detected signal are sep- 
arated. Consequently, a plurality of samples can be 
analyzed by arranging a plurality of capillaries In paral- 
lel. 
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Description 

TECHNICAL FIELD 

The present invention relates to a muWcapillary s 
eJeotrophoretfc device capable of analyzing a plurality of 
samples at the same time by arranging a plurality of 
capillaries, which are glass One tubes. In parallel. 

BACKGROUND ART to 

A capillary eleclrcphoretic device is a device lor 
separating a sample component by filling an electro- 
phoretlc solvent in a capillary and charging a solution 
containing the sample component dissolved therein is 
from one end of the capillary with imparting a potential 
gradient along the capillary. An object of the measure- 
ment of the capillary eJectrophoretic device ranges over 
various fields such as tons, biopdyrners, Womonomere. 
chemicals, compounds and the like. so 

The capillary elect nophoretig device comprises a 
Bght detector for detecting an inten&fty dlefrfaution of a 
fluorescent image or an absorbed nght Image of a sam- 
ple component by applying light to a part of the sample 
component during electrophoresis. Consequently, a die- ss 
tribulion male during the movement of the sample com- 
ponent in the capillary is detected at a high resolution so 
that ihe presence of the sample component and the 
concentration thereof can be determined on the baa's of 
the d retribution state. so 

By the way, the realization of an increase In 
processing speed and an Increase In processing 
amount of the capillary e/eotrophoretic device have 
recently been required. 

Therefore, the pdor art proposes a construction 3s 
wherein a plurality of capillaries are arranged in a row 
and light is appfied to the respective capillaries from one 
end in an arrangement Direction, and then the appfied 
lights from the respective capillaries are detected with a 
light receiving device provided in one to one cone- <o 
spondence on each capillary (Japanese Utility Model 
Publication No. 7-20591 (B». Conaequerrtfy, a plurality 
of analysts processings can be carried out, simuttane* 
Query, wrth a relatively simple construction, thereby 
shortening the processing time. «s 

fn the technique described in the aforementioned 
publication, it is necessary to provide the light receiving 
device corresponding to each capillary Actually, a sen- 
sitivity varies with each light receiving device art a gain 
of an electric processing circuit a/so vary so that an so 
adjustment work Is required to correct the sen&ltfvtty 
and gain in the circuit. 

Furthermore, there is also a problem that a large 
number of light receiving elements must be arranged 
and the site of the detection part can not be reduced. ss 

DISCLOSURE OF THE INVENTION 

An object of the invention is to provide a mu ft capil- 



lary elsctrophorelic device, which has no room for caus- 
ing a scatter in sensitivity of the light receiving device 
and a scatter in gain of the electric processing circuit 
and which can reduce the size of the detection part 

The multicapillary eJedrcphoretic device of the 
present invention, for accomplishing the aforemen- 
tioned object, comprises a plurality of capillaries having 
light transmitting parts held in parallel, a plurality of light 
emitting parts for applying lights to the respective light 
transmitting parts of the aforementioned plurality of the 
capillaries, a light emitting driving part lor driving the 
aforementioned plurality of light emitting parts by differ- 
ent electric signal components, a light focusing part for 
focusing lights passed through fce aforementioned light 
transmitting parts to a certain point a light detection 
part for detecting the focused light a signal processing 
part for separating ihe respective electric signal compo- 
nents included in an electric signal detected by the 
aforementioned light detection part, and a voltage appll • 
cation part for applying a voltage to the aforementioned 
capillaries (claim 1). 

According to such the construction, lights emitted 
and driven by different eJectrtc signal components can 
be applied to the respective light transmitting parts of 
the capfflariee. 

On the other hand, when the sample component is 
subjected to electrophoresis by filling an electrophorefic 
solvent in a capillary and charging a solution containing 
the sample component dissolved therein from one end 
of the capillary with imparting a potential gradient along 
the capillary, light intensity attenuation corresponding to 
a fluorescent Image and an absorbed light image of the 
sample component is generated in the respective light 
transmitting parts. 

Then, lights passed through the aforementioned 
light transmitting parts are focused to a certain point As 
means for focusing lights passed through the light trans- 
mitting parte to a certain point an optical fiber bundle 
may be' used. Furthermore, the focused light is 
detected and Ihe respective electric signal components 
Included In the detected signal are separated. There- 
fore, it is possible to IndMdually determine the attenua- 
tion amount o1 the intensity of Ight whose intensity is 
focused by passing through the tight transmitting parts 
of the rospectiVe capillaries, 

Accordngly, it is possible to determine the attenua- 
tion amount of the light intensity of the respective capfl- 
larles only by preparing one light detection part even if 
the plurality of capillaries is not provided with the light 
detection part 

Accordingly as In a conventional case where a light 
receiving device Is provided corresponding to the 
respective capillaries and an electric circuit is provided, 
there is no room for causing a scatter in sensitivity of the 
tight receiving element and a scatter In gain of the light 
receiving processing circuit Therefore, an adjustment 
work can be facilitated. 

Furthermore, it is not necessary to arrange a large 
number of Bght receiving parts and the size of the detec- 
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lion part can be reduced. 

Incidentally, it w preferred that the electric signal 
generated in the aforementioned light emitting driving 
part la a slgrial constituted of a system oi mutually 
orthogonal function 60 that the electric signal can be 
separated by the aforementioned signal processing part 
(claim 2). 

This "system of mutually orthogonal functions" 
refers to any known system of orthogonal functions, and 
examples thereof include system of sinusoidal functions 
having different frequencies, and system of pulse func- 
tions having different shapes. One embodiment of the 
system or pulse functions include system of pulse func- 
tions wherein repeated frequencies are in a relation of 
even number times to each other (see FIG. €). Further- 
more, a system of pulse orthogonal functions made 
from each column (each row) of the Hadamard matrix is 
also famous (see FJQ. 7). Furthermore, a time-drvison 
system of pulse functions can also be used (see FIG. 8). 

With respect to a signal constituted of a system of 
functions wherein electric signals generated In the light 
emitting driving pan are mutually orthogonal, an Influ- 
ence of the signal of the other muHicaplllary can ba 
reduced to O, in principle. Therefore, there is no fear of 
cross talk. Thus, the reliability of the measurement can 
be increased. 

The aforementioned signal processing part may 
include a synchronic rectifying circuit for separating the 
respective electric signals (ctelm 3). 

Furthermore, the electric signals generated at the 
aforementioned light emitting driving part are sinusoidal 
donate having different frequencies, and the signal 
processing part includes a frequency filter circuit for 
separating the respective frequency components (claim 

An optical modulating part for modulating fights 
from the plurality of light emitting parts with different 
electric signal components may be provided in place of 
the aforernentioned light emitting driving part (claim S). 

For example, fights from the respective light emit- 
ting parte may be modulated by using an optical shutter 
comprising an electro -optical device, a liquid crystal 
device, etc. As shown in FJQ. 9, a mechanical chopping 
may be carried out by using a disc provided with a plu- 
rality of openings fn the row corresponding to the 
number of captHaries so as to represent pulse functions 
of different systems. 

The aforementioned object as wen as other objects 
of the present invention wfl ba apparent with reference 
to the accompanying drawings. 



13 



A) 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Is a diagram showing a measurement sys- 
tem according to a multfcaplllary etectrophoretic 
method. 

Fia 2 Is a diagram showing a construction of the 
present invention, wherein a fluorescent image or an 
absorbed light imago from a measurement zone of mul- 
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ticapJUaries illuminated by a plurality of LED light 
sources is collected on one detector through an optical 
f bar bundle. 

FIG. 3 to a cross section showing a construction of 
a light collection system wherein fights of LED light 
sources are coi faded onto a measurement zone of mul * 
ticapJUaries and a fluorescent light Image or an 
absorbed light emitted from the measurement zone is 
lead to an optical fiber. 

Fia 4 Is a circuit block diagram showing a light 
emitting driving part for supplying a light emitting driving 
signal to LED and a signal processing part for process- 
ing a detection signal of a light detector according to 
one emoociment of the present invention. 

FIG. 5 is a circuit block diagram showing a light 
emitting driving partfor siting a light emitting driving 
signal to LED and a signal processing part for process- 
ing a detection signal of a fight detector according to 
another embodiment. 

FIG. 6 is a waveform diagram showing a system of 
pulse functions wherein repeated frequencies are in a 
relation of even number times to each other as one 
embodiment of the system of orthogonal functions 

FIG. 7 is a waveform diagram showing a system of 
pulse functions as another embodiment of the system of 
orthogonal functions. 

FIG, 8 is a waveform diagram showing a time<frvb 
sion system of putee functions as another embodiment 
of the system of orthogonal functions. 

FIG. 9 Is a diagram showing an embodiment of 
making a function system by carrying out a mechanical 
chopping using a disc provided wKh opening rows in 
multiple stages. 

FfG. 10 is a graph showing the measurement 
results In the case where an Intensity of a detection sig- 
nal is measured by using a measurement system 
according to a multicapiilary electrophoretic method of 
the present invention. FIG. tO(a) ie a graph showing (he 
measurement results in channel 1 and FIG, 10(b) Is a 
graph showing measurement results In channel 2. 

BEST MODE FOR GARRYING OUT THE INVENTION 

The mode for carrying out the present invention will 
be explained ftri detail with reference to the accompany^ 
fng drawings. 

FIG. 1 is a diagram showing a measurement sys- 
tem according to a multirapllfary electrophoretic 
method, wherein a sample solution is charged into mul- 
ti capillaries C made oi molten quartz and a high voltage 
is appOed to both ends of the multicapillarles. In the 
vicinity of the terminal of the mutticapUlariea C, a meas- 
urement zone Z to which fight is applied is prosenL The 
intensity distribution of the fluorescent light image and 
absorbed fight image of the sample component gener- 
ated in the zona Z is detected with the light detector, and 
the dlstrfcutlon Is resized in the signal processing part 
Incidentally, an ammeter A is provided for monitoring 
the intermission of a current caused by the generation 
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of foams in the multicapillaries C 

fjq. 2 Is an enlarged diagram showing a plurality of 
liOhl emitting parts 1 for applying lights to the multfcapil- 
larlee C and a light detector 10. The piuralty of light 
emitting parte 1 comprise a blue LEO 2, a dielectric 6 
multi-layer film band-path filter 3 for extracting only light 
having a predetermined wavelength, and a focusing 
lens A for focusing light to the measurement zone Z, 
Incidentally, the light emitting device is not Kmhed to the 
blue LED, and any light emitting device such as LED of 10 
other color, laser diode, etc, can be used. 

FIG. 3 is a cross section showing a construction in 
the vicinity of a light focusing part of capillaries C. The 
construction comprises a ball lens 6 tor focusing lights 
emitted from (he fight emitting parts 1 , a slit 5 for shield- is 
Ing excess light and two ball lenses 7 and 8 for Intro- 
ducfog light which goes out through the center of the 
capiaries C into a light focusing fber 9. 

The light Introduced into the aforementioned light 
focusing fiber 9 is bundled as shown in fk3. 2. and then so 
incident on the light detection part 10 as shown in FIG. 
2. The light detection part 1 d is provided with a sharp 
cut-off titer 11 for extracting only light having a prede- 
termined wavelength, and a light detector 12. As the 
right detector 12. a photomuftiplier and a PIN photooV ss 
ode can be used. 

PIG. 4 shows a light emitting driving part 19 for sup- 
plying a Hght emitting driving signal to the LED 2. and a 
signal processing part 20 for processing a detection sig- 
nal of the light detector 12. so 

The fight emitting driving part 19 is composed of a 
waveform generating circutt 21 and a LED driver 22. 
Each waveform generating circuit 21 generates sinusoi- 
dal signals having different frequencies, and the LED 
driver 22 emits and drive the LED 2 on the basis of this 35 
sinusoidal signal. 

The light detection signal which has passed 
through the respective multicapillariee (referred to as a 
"charmer") and Input to the light detector 1 2 is converted 
into an electric signal. On this electric signal, a rumber 4C 
of sinusoidal waves are overlapped. The electric signal 
Is Input to a synchronous rectifying clrcuft 24 alter pass- 
ing through the DC cut filter 13. On Ihe other hand, a 
rectangular wave signal having the same frequency as 
the sinusoidal wave signal generated by the waveform 45 
generating circuit 21 is formed at a synchronous signal 
circuit 23. and then input to the synchronous rectifying 
circuit 24. The synchronous rectifying circuit 24 is spe- 
cifically a mutter, and a product of the aforemen- 
tioned electric signal and the rectangular wave signal sq 
generated at the synchronous signal circuH 23 is taken. 
As a consequence, only the signal component gener- 
ated at the channel waveform Generating circuit 21 can 
be extracted. This output signal is smoothed at a 
smootfilng circuit 25. and then output as measurement se 
data. 

By using the aforementioned function, only the sig- 
nal component of each channel can be separated and 
extracted from the smoothing circuit 25. 



Incidentally, the signal processing pan 20 for 
processing the electric signal of the light detector 12 Is 
not limited to the aforementioned circuit shown in FIG. 
4. in the aforementioned circuit shown in FIG. 4, the 
synchronous signal rectifying circutt 24 of the multiplier 
b used, but a band path filter circuit 26 corresponding to 
sinusoidal signals having different frequencies gener- 
ated at each waveform generating circuit 21 may be 
used, aa shown in FIG. 5. Consequently, only the signal 
of corresponding frequency can be separated and then 
extracted 

In the aforementioned embodiment, sinusoidal sig- 
nals having different frequencies are generated at each 
waveform generating circuit 2 1 . but the waveform of the 
signal Is not limited thereto, in place of the sinusoidal 
signal, a rectangular wave signal may be used. 

ft is preferred thai the signals generated at each 
waveform generating circuit 21 are mutually orthogonal. 
Thai is. when each signal is denoted by a symbol a, (I - 
1, 2, 3 ....), signals are multiplied to each other to carry 
out an integration for a certain period of time, the follow- 
ing equations are preferably satisfied In order to allevi- 
ate a disturbance from other channel signals. 

fa . 2 dt = 1 



la ^jdt-op^D 

As the system of mutually orthogonal functions, In 
adcfifaon to the aforementioned sinusoidal signals hav- 
ing different frec^encies. aa shown in FIG. 6, a system 
of pulse functions wherein repeated frequencies are in a 
relation of even number times to each other (e.g. 1 kHz, 
2kHz, 4*Hz, 8kHz may be used. A system of pulse 
functions of binary codes 1 and -1. as Ghown in FIG. 7, 
may be used. Furthermore, a time-division system of 
pulse functions, as shown in FIG. 8, may be used. 

Furthermore, in the aforementioned embodiment, 
the signal was generated at the stage of the Vght emit 
ting driving part 1 9 for driving the LED 2. However lights 
emitted from the LED 2 at a certain light Intensity may 
be modulated with different electric signal components. 

For example, lights from the respective light ernrt- 
trng parts may be modulated by using an optical shutter 
comprising an electro-optical device, a liquid crystal 
device, etc. As shown rn FIG. 9, a mechanical chopping 
may be carried out by using a disc provided with a piu- 
ralty of openings in the row corresponding to Ihe 
number of capillaries so aa to represent pulse functions 
of different systems. 

Then, by using a measurement system {FIG. 1 to 
FJQ. 4) according to the aforementioned multicapiHary 
eJectrcphoretic method and using an aqueous fluores- 
cein solution as a sample, the Intensity of the detection 
signal was measured. However, in order to see the 
waveform of the signal, the measurement was carried 
out after removing the smoothing circuit 25 6hown In 
FIG. 4. 

In case of the Initiation of the measurement, the one 
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vessel was tilled with water while the other vessel was 
dosed and sucked using a pump, and then multicapiitar- 
les C were f ffled with water. Fluorescein solution (5x10/ 
7 mol) was charged from one end of the rriulticapiilaries 
C to subject Ihe sample component to electrophoresis. * 

The number of capillaries C was set to 2 and LEDs 
were emitted and driven, respectively, by using a sinu- 
soidal wave of 4 KHz In one Channel (referred to as 
'channel 1"*) and a sinusoidal wave of 2 MHz in the other 
channel (referred to as "channel 2'}. u> 

Since a change of the aforementioned sinusoidal 
wave with time is sirfffctentfy shorter than a change of 
the inter*! ty with time of the fluorescent light (mage and 
absorbed light image (normally in an order of seconds), 
an influence of the change of the Intensity with time of 1£ 
the fluorescent fght fringe and absorbed light Image 
exerted on the signal processing part 20 may be 
ignored. 

An output of a photo-multiplier PMT at the channel 
1 and channel 2 was measured with the passage of so 



FIG. 10(a) Is a graph showing the results obtained 
by measuring at the channel 1, and FIG. 10(b) Is a 
graph showing tna resurts obtained by measuring at the 
channel 2. The unit of numerals is milR-volt (p-p value), 35 

At the channel 1, when the muftfcaplllarJea C are 
filled with water, the measurement eignai does not 
appear and only noises (2 mV) generated al the ight 
emitting driving part 1 9 and signal processing pan 20 
appear. At the channel 2, when the murticaplliaries C 
are filled with onfy water, the measurement signal does 
not appear and only noises (1.6 mV) generated In the 
light emitting driving part 19 and signal processing pan 
20 appear, h is considered that the difference between 
this Y and "1 .6" Is caused by a difference In light emit- ar 
ting intensity of LED 2 and a difference in amplication 
degree of the electric circuit 

When the cample component is subjected to elec- 
trophoresis In the channel 1. a large signal (lOOmV) 
appears in the channel 1 . At this time, the noise compo- 40 
nent in the channel 2 Increases to 4mV. That is, a cross 
talk (Interference) having an amplitude of 4 with reaped 
to the amplitude of 100 is generated. This cross talk 
value re -2SdS and is a sufficiently small value. 

When the sample component in the channel 1 has 45 
passed away and the sample component is subjected to 
electrophoresis at the channel 2, a large signal (77mV) 
appears In the channel 2. At this time, the cross talk 
amount is -26dB and this Is a sufficiently small value. 

Incidentally, in the circuit used in the measurement so 
the smoothing circuit 25 le removed it Is assumed that 
the cross talk amount can be further reduced by provid- 
ing a smoothing circuit 25 having an actually optimized 
time constant 

As described above, when the multi capillary alec- 55 
trcphoretic device of the present invention is used, the 
respective signal conponents can be separated after 
lights passed through the respective channels are 
focused to a certain point and detected at a single fight 



detection part. Therefore, the signal component which 
appears in the corresponding channel can be measured 
without being affected by other channels. 

Claims 

1 . A mulUcapillary electrophoretic device comprising a 
plurafty of capillaries having light transmitting parts 
held in parallel, a plurality of light emitting parts for 
applying lights to the respective light transmitting 
parts of the plurality of capillaries, a right emitting 
driving part for driving the plurality of light emitting 
parts by drherent electric elgnal components, a light 
focusing part for focusing lights passed through the 
light transmitting parts to a certain point, a light 
detection part for detecting the focused light a eig- 
nai processing part for separating the respective 
electric signaJ components included in an electric 
signal detected by the light detection part, and a 
voltage application pan: for applying a vohaga to the 
capilarles, 

2. The multicapillary decirophoretic device according 
to dam 1, wherein the electric signal generated in 
the light emitting driving part is a signal constituted 
of a system o1 mutuary orthogonal functions so that 
the electric signal can be separated by the signal 
processing part 

3. ThB mumcapiilary electrophoretic device according 
to claim 1. wherein the signal processing part 
includes a synchronic rectifying circuit for separat- 
ing the respective electric signals. 

4. The multicaplllary eJettrophoretlc device according 
to claim 1 , wherein the electric signals generated at 
the light emitting driving part are sinusoidal signals 
having different frequencies, and the signal 
processing part includes a frequency inter circuit For 
separating the respective frequency components. 

5. The muWcapillary dectrophoretlc device according 
to dairn 1, comprising, in place of the light emitting 
driving part, an optical modulating part for modulat- 
ing fights from the plurality of tight emitting parts 
with different electric signal components. 
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